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A TRANSFER.FUNCTION METER FOR THE 
VHF-UHF RANGE 


The performance of most ekn^trical 
cievice»s anti circaiits can described by 
specifying a transfer lunction, which is 
the ratio of an output to an input 
quantity, or vic« versa. The “alpha’' 
and “beta” current ratios of transistors, 
the transcondiictance of vacuum tubes, 
the gain of amjilifiers, and the li>ss of 
attenuators and filters are common ex- 
ampk's of widely used tiansfer functions. 
The new Typk 1 () 07 -A Transfer-Func¬ 
tion Meter* can measure these and many 
other transfer funxdions over the fre¬ 
quency range from 2 o Me to about 
1500 Me. Since gix>unde<I or ungn)unded 
two-tcrmuial imiiedanct's can be treated 
as four-termin:d devices,* they can be 
measurfHl as well, with appropriate adap- 
toi’s. Answers, direct readuig except for 
^ a multiplying factor, are obtaiiKxl in 
terms of complex components by a null 
method. The phase infonnation provided 
by mx!asurement of complex cxjmfxaients 
is especially valuable at these high fre¬ 
quencies, where' efTwts of transit time, 
electiTxle resonances, and stray ca]>oci- 
tances usually domhiate the over-all i>er- 
formance of a devi(>e. 

"Hie Transfer-Function McUt is a 
basic measuring tool, well suited for 
lalx>ratory measurements Ix'cause (»f its 
versatility, ac‘C 4 n‘ac>', and wide fre¬ 
quency range. It can also be set up for 
rapid, routine, production tests on tran¬ 
sistors, vacuum tube.s, amplifiers, or 
networks, and a high degree of skill or 
knowledge on the part of the operator is 
not required. Several specific ap])lica- 

*OriK>nally described in a paper prcaontod at the 1956 
IRK Annual Convention and subsequently puhliHlied in 
the 1956 IRK Convention Rooord. Part 5. pp. 3-7: 

Tmni>ndniittAnce Meter for ^'^F-UHF Moa*ure- 
ments.” by William R. Thurston. The name of the 
instrument has been chnniccd to Traanfer-Function Meter 
so ns to indicate more completely its use*. 


tions, with results of measurements, are 
describfxl later in this article. 

TYPES OF TRANSFER FUNCTIONS 

For purptxses of this discussioiL, ftjiir- 
terminal netwfirks lue cx)n 8 idei*ed to 
have separate, hut gi*ounde<l, input and 
output coniKHdions, and tJire(»-terminal 
networks are considered to have one 
teiTninai common t<) botli ininit and 
output. There aie several systems of 
parameters used to descrilK^ the elec¬ 
trical performance of tliese ty|XJ 8 of 
networks: 

.T. Open-circuit impedance param- 
etei-s, which aix* the input and output 
imptxlaiices, Zj, and Z221 for- 

wai’d and reverse transimpedances, Z21 
and Z12. 

B. .Short-i.‘ireuit admittance param¬ 
eters, which are the input and out:[nit 
achnitlances, I’n *^^d l'22i J^J^d the for¬ 
ward ainl reverse transadmittances, I’oi 
and ]^|2- 

C. Hybrid combinations (such as the 
h piu-ametei*s often used in U*ansistor 
work) of impedance, admittance, open- 
circuit voItag(.‘-i'atio, and short-circuit 
cunent-ratiu iiaiametcrs. For conven¬ 
ience, we define symlxiLs to lepiesent 
these voltage and current ratios as eitlx^r 
E or / witli a]>propriale sul^scripts, such 
as A’21 to mean E^„t/E^ with output 
open-circuited. 

The Transfer-Functit)!! Metej* can 
measure all of these functions. 


*('irou»ded. lw«>- UncrounSed. two- 

termiiuil iinpcdiLDco Irrmiiuit adtntUiuice 



Z„ = E,/L=Z Y„ =I./E, = Y 
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THEORY OF OPERATION 

To measure a transfer fimetion of a 
network, it is necessary to supply t<j it 
an input driving signal and to mtasure 
(he resulting output signal in terms of 
the input signal. It is als<i necessjiry to 
terminate the network output in un open 
circuit if the desirwi output signal is a 
voltage, or in a short circuit if the de- 
sircMl output signal is a current. If the 
network were terminatini otherwi.se, the 
answer obtained wcmld dc|K*ml on the 
network output imi>edance or admit¬ 
tance as well as on its transfer functions* 
and would, cons<'quently, be less useful 
for general calcidations. 

Nevertheless, there are undoubtedly 
applications where one wishes only to 
determine the over-all performance of a 
network working uito a .specific load 
impe<lance. In these cases, it Ls ne<’es- 
sary to include the termination as a part 
of the network under test. Where output 
current is of interest, the termination 
must be in aeries, and where output 
voltage is t)f interest, the termination 
must be in shunt. 

Forward lran.sfer functions are, of 
coui*se, measurwl by driving the normal 
input terminals of a network under teat, 
while revei'se, .sometimt^s called ‘‘IimhI- 


back,” transfer functions are measured 
by reversing the network and driving 
the normal output terminals. Two- 
terminal irapedanc(*s or admittances can 
be connei'twi as four-termin.al networks 
in accordance with tin* diagrams given 
in Footnote 2, depending on whether a 
groundeil or an ungroundetl element is 
to be measurcfl. 

In the Transfer-F'unction Meter there 
are three identical looj^s, as shown in 
Figure 1, firiven in parallel by an ex¬ 
ternal generat<ir a<lju8te<i to the desired 
frequency of measurement. The cur¬ 
rents, in all three l(K)ps are (KtuaJ in 
magnitude and pha.s(». ICach loop is 
loosel}^ couple<l, through eb'ctrostat-i- 
<*ally shielding slots, to an a.ssociate<i 
coaxial line. In Figure 1, oidy the inner 
conductors of these lines are shown. 

Each loop can l>e nUatetl indej>endcntly 
of the othej*s so as to vary its coupling, 
or mutual inductance, to its asso- ^ 
ciattni line. The mutual inductances 
are designated J/c, .1//,, and Mx- 
The .series voltages induced in the three 
lines by virtue of the coupling.s to the 
assfK*iate<l loops are: AV; =— JosMqIi, 

Eft = — ju)M and Ex *= —juM 

The outer end of the left-hand line, 
called the (i line, is terminated in a 


^II^Minpir rirruii iMinx imp«daiM*v )Muiinieter.'«: 


Input Impedonce Output Impedonct 



Lood 

Impedance 


Meuaurrd forward tnnuiiiipadaoces 

*» = • _ h' a Z„ it Zi,» z„ 

'' I-.*" 

Fruni eir<Miif iinil rqtmlioua Riven, it is Mwin that the 


meosuml tr»n.«impcdanre rqualii the >*Alue of ^21 only 
if the load impedanre is very larRe compared to the 
xtetwork output itnpedsure. 7^2 Otbcrm'iMr the tncoMUrcd 
value is in error, and the error osn be in phase angle, 
magnitude, or s combination of i>oth. <le|jendiuR on the 
phase nnxles of and 
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known, standard conductance, V'o (20 
inillinihos). The characteristic adnait- 
tance of the coaxial lines and Type 
874 Connectors used in the instrument 
and associated components is also equal 
to 20 millimhos (characteristic impeii- 
ance, Zq, is 50 ohms). The outer end of 
the upper line, called the B line, is 
terminated in a known, standard sus- 
ceptance of -fjTo at frequencies below 
150 Me (adjustable capacitor), — jYq 
between 150 Me and 450 Me (adjust¬ 
able stub set to -), and -{-jVo aljove 
3X 

450 Me (stub set to ~). The far end of 

the right-hand line, which is adjustable 
in length and is called tlie Network Input 
line, is coimected to the input of the 
network under test, and its electrical 
length is always set to oijual either an 
odd or an even multiple, ni, of a quarter 


wavelength, depending on NN^iich type 
transfer function is to be measimed. 

The near end of the Neiwork Input 
line terminates in a short circuit. The 
inner ends of the B and G lines come 
together in a junction with two other 
lines not previously mentioneil, as sliowm 
in Figure 1. One of these latter lines is 
connectecl to an external detector. The 
other, which is adjiLstable in lengtJi and 
is called the Netivork Output line. Is con¬ 
nected to the output of the network 
under test. Its electrical length is always 
set to equal either an odd or an even 
multiple, Uoj of a quarter wavelength, 
depending on which type transfer func¬ 
tion is to l)e measured, but not neces¬ 
sarily the same multiple as that to wiiich 
the Network Input line is set. 

The process of measuring complex 
quantities involves the balanc.ing of the 
instrument by adjustment of the loop 


Figure 1. Schematic diagram of r-f circuits of the Tranifer-Functien Meter. 
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(;oupiing?i luilil tlio oxienial dolector 
nulic4it<‘s a iulII condition. Ai null, the 
vollagi'al the junction of t he four coaxial 
lilies is zero, and tlie three curn'iits, 

//i, ainl /.Y, that enter the detector junc¬ 
tion from, ixispcvtively, the 6’, B, and 
Xrhrorh OutpiU lines, must add up to 
zerr). 'rhest^ line currents are readily 
calcuJalfHl, boe4iu.se, for this purpo.se, 
the zero-voltag:e condition at the detec¬ 
tor junction can be considered equiva¬ 
lent to a sliort circuit. For the purpose 
of simplifying the e^xplanation, the 
lengths of the Xrhoorlc Input and Net¬ 
work Output linos will first be assumed 
to be zero. Under these conditions, 
B] — Bx and In = Ix- 

The cunT.nt, la, equals the induced 
voltage, Ba, times the atimittance of 
tho G line, which is the known, standard 
conductance, That is, 

lo — ^ oBa — l) 

= } oMai’—jo^lL) 

The <*un-e.nt. I a, equals the induced 
voltage. Bfi, times the admittance of 
the B line, which is the known, standard 
susceptance. =fc./l'o- That is, 

I/i — ) = dbjl o( a/ 1,) 

— dej) uMn{ 

The cuiTOit. /y, ecjuals the product 
of the indulg'd voltage in the Xchrork 
Input line. Ex, and the tran.sadmittance 
of the network, Yx- Therefore, 

/.Y = y.xBx = Yxi—j^Mxh) 

= FA'-^r\(—./w/J 

When the sum of la, In, atid Ix is 
(equated to zero, which is the balance 
condition, the common term is 

clLminate<l, and the basic lialance equa¬ 
tion for the instrument is obtained: 

Fx ^ Mjj . 

Vo Mx '^Mx 

'Fhe above equation is normalized 
with re8p(^<*t to the characteristic ad¬ 
mittance of the line and corresponds 
to the dial calibration, which is normal- 


izcnl because impedances as well as ad¬ 
mittances must be mea.sured. As indi- 
caterl above, the instrument actually 
measures the real and imaginary parts 
of the normalized transadmittance, 
^ '.Y Bx 

' and of the network connected 

directly between the input and output 
terminals of the instniment: 


^ ' V _ d / Cf 
^0 d/jy 

Bx _ d/ u 
Fo“d/.v 

Since the connecting line lengths are 
assumed to be zero, = Yx, b '21 = 
and 7^21 = Bx- The mutual inductance, 
d/.Y, is the denominator in both the 
above t‘(]uations and hence is a common 
multiplier. The values of the mutual 
inductances, Mx, Mr,, and d//,, depend 
on the angular positions of the loop.s and 
hence can be ail justed from zero to a ^ 
maximum value by rotation of the loops. 

The angular position of the G loop can 
therefore be calibrated directly in nor- 
malizeil tran.sconductan<*e, the B loop 
in normalized transsusccptance, and the 
A' loop in a common multiplier. Figure 2 
shows these calibrations, which are in¬ 
dependent of frequency and whicli, by 
virtue of the positive and negative 
rang(‘s for two of the three loops, allow 
mea.surements to be made in all four 
quadrants of the complex plane. The 
scalea.ssociatinl with the G loop is labeleii 
the .1 .scale and is calibrated from 0 to 
1.5. The scale as.sociated with the B 
loop is lal)eled the B .scale and is cali- 
brate<l from 0 to ± 1.5. The multiplier 
is calibrated from 1 to infinity. 

The assumi^tion of zero length of 
lines between the instiaiment and net¬ 
work made in the preceding analysis 
cannot be realized in practice, since the 
cITective measurement points are lo- 
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cated within the instrument. However, 
^ by the adjustment of the Network Input 
and Network Output lines to odd or even 
multiples of a quarter wavelength, the 
instrument can be made to indicate 
directly the transadmittance, transim¬ 
pedance, complex transfer current ratio, 
and complex transfer voltage ratio of 
networks whose terminals are not di¬ 
rectly the actual measurement terminals 
of the instrument. Each of the above 
measurements requires a dilTerent set¬ 
ting of the Network Input and Network 
Output lines and will be considered in 
detail in the following paragraphs. 

In the following discussion, the term 
“half-wave setting" means that the line 
in question is set to an even multiple 
of a quarter wavelength, which is. of 
course, always a multiple of a half 
wav'elength. A half-wave line has the 
property of “repeating" at one end all 
^ voltages, currents, and impedances ap¬ 
pearing at the other end with ISO de¬ 
grees of phase shift in voltages and cur¬ 
rents for each half wavelength. Simi¬ 
larly, the term “quarter-wave setting" 
means that the line in question is .set to 
an odd multiple of a quarter wavelength. 
A quarter-wave line has the property of 
“inverting" voltages into currents, im¬ 
pedances into lulmittances, and vice 
versa. The reversal of phases which oc¬ 
curs for each aildf^l half wavelength 
will be ignored, since it does not affect 
the basic theory of operation. 

Transadmittance, Yii and >^12 

The forward transadmittance of a 
network with its output terminals short- 
circuited is ¥ 21 . In order to measure this 
])arameter, the Network Input and Net¬ 
work Output lines are both adjusted to a 
^ half wavelength. Under the.se conditions 
the output t(Tminals of the network 
under test are effectively short-circuited, 


because the half-wave Nehvork Output 
line terminates at the iletector junction, 
which under null conditions has zero 
voltage and can be consitlered to be a 
short circuit. The half-wave lino pro¬ 
duces a similar short circuit at the net¬ 
work terminals and makes I 2 — /.y- dlie 
input half-wave line makes Ex = Ex. 
Therefore, 


Vo 


l2/Ex 
i 0 


Ix/Ex ^Yx 

^^0 V 0 


A +jB 


where A and B arc the A and B scale 
readings. 

As previously shown, the instrument 
directly measures the normalizefl, real 
and imaginary components of }\y> Jind 
from the above equatitjn it is evident 


( r2 \ /^21 

that it also indicates “t*" 

'0 M, 

The rever.s(‘ transadmittance, }'i 2 , 
can be measured by t he same procedure 
JUS indicated for the forward transad¬ 
mittance but with the input and output 
connect ions of t he network interchanged. 


Transimpedance, Z21 and Z12 

The forward transimpedance of a net¬ 
work with its output terminals open- 
circuitetl is Z 21 . In order to measure this 
parameter, the Network Input and Net¬ 
work Output lines are both adjusted to a 


Figure 2. Dial calibrations of Trantfor-FuncHon 
Motor. 
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quarter wavelength. I'nder these con¬ 
ditions the output terminals of the net¬ 
work under test are efTectively open- 
cireuit(Ml, because tlie quarter-wave Net- 
work Output line inverts the equivalent 
short circuit at the detector junction 
into an o|>en circuit at the network. Also, 
the output quarter-wave line “inverts'’ 
the v^olUigt* E ‘2 into a constiuit timivs the 
current lx, and the input (luarter-wav^o 
line “inverts” the voltage Ex into a 
constant times the current /i. It can be 
sJiown that 


_ E2/Ii 


IE x 
Vo 


+ jB 


quarter-wave Xrtwork Input line make^ 
Ex = 'riierefore, 

) (I 

12 J) X 

/21 = "T = *, “ = H -f j A 
h '0 

Thus the instrument reads directly tin* 
real anti imaginary components (»f the 
complex transfer current ratio of the 
network. The “j” term in the above equa¬ 
tion interchanges the real and imagi¬ 
nary scales. 

The revHTse traitsfer current ratio, / jo. 
can l)e measunnl by rev'ersing the input 
and output connections to the network. 


where Zq is the characteristic impedance 
of the cfmxial lines, 50 ohms. Thus the 
instrument reads directly the nornial- 
ijxnl transimpcH.iance of the network 
under test. The readings arc in terms of 
the normalize<l network transresistance, 

read on the A scale, atul the nor- 
X2\ 

malized transreactanee, read on the 
li .scab*. 

Uev(*rse transimf)edance, Z 12 , i.s meas- 
ure<l in a similar manner with the input 
and outj)ut network connections r(»- 
versed. 

Transfer Current Ratio, (21 and /12 

Tlie forwanl transfer current ratio of 
a n<*twork with its (»utput terminals 
short-circuited is /^i. For this measure¬ 
ment the Xciwork Output line is atl- 
justed to a half wav elength and the Nvt~ 
uHtrk Input line to a fpiarter wavelength. 
'I'he output terminals of the network 
uutier test arc* efTectively short-circuited, 
bt'cause the half-wave Xrtwork Output 
line “repc'ats” the ectuivalent short 
circuit at the detc'ctor junction as a 
short circuit at th<» network. The half¬ 
wave line also makes [2 — lx- The 


Transfer Voltage Ratio, E21 and E12 

The forward tran.sfer v^oltage ratio, 
Eoi, is measure<i with the network out¬ 
put terminals o|KMwircuite<I. In this 
cius«» the Xctwork Output line is adjusted 
to a quarter wav'elength and the Xel- 
work Input line to a half wavelength. 
'Fhe output terminals of the network 
are efTwtively opeiwircuited because 
the quarter-wav'o Xrixcork Output line 
“inverts” the ec|uivalent short circuit 
at the detector junction into an open 
circuit at the network. Also, becausr* of 
the quarter-wav(i Xchvork Output line, 
jlx 


E2 = 


Vo 


and be< au.s(* of the half-wav’o 


Xctwork Input line. Ei = Ex- rhereforo, 
E2 jVx 

^LM = Tr= V- = B +jA 
1 0 


Here again, the instrument indicates the 
complex opeji-circuit transfer voltage 
ratio of the network under test with the 
real and imaginary comjwnent scales 
interchange*I from those* useil for tran.s- 
admittance measurements bevause of 
the “j” term in the above equation. 

Reverse transfer voltiige ratio, Ei 2 f ^ 
can be measuixx! by reversing the input 
and output connections to the network. 
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PHYSICAL DESCRIPTION 

^ Tho physical aiTangemcnt of the parts 
of the Transfer-Function Meter (rorre- 
sponds closely to that shown in the sche¬ 
matic of Figure 1 and is illustrated 
further in Figure 3, in which the cover 
of tlie instrument has been removed and 
the coupling-loop assembly dismounted. 
At the left in Figure 3 can be seen the 
main junction block, in which coupling 
slots are cut into the coaxial lines within 
the block. When in place, each of the 
three l(K>ps in the coupling-loop assembly 
is centerwl over its respective slots and is 
coupled miignetically to the correspond¬ 
ing line. The Network Input and Network 
Output lines are of the constant-impeil- 
ance, “trombone’^ type, driven inde¬ 
pendently by separate, rack-and-pinion 
drives having accurately calibrated scales 
to indicate total elTective line lengths 
directly in cm. Tlu' lines are provided 

— with harking sleeves to prevent acci- 
d(*ntal changes during prolonged work 


at a single frequency. All these parts are 
mounted on a heavy aluminum base plate. 

In the measurement of active devices, 
especially transistoi's, it is important to 
kc^ep the applies I signal level low. In 
this instrument, the coupling loss of the 
loop between the external generator and 
the device under test is about 40 db at 
500 Me and decreases at a rate of G db 
per octave with increasing frequency. 
For tests on transistoi's, in which signal 
levels .should be o millivolts or less, ap¬ 
propriate attenuators (874-Cf series) 
should be used to reduce t he level of the 
signal .supplied by the generator when 
neces.sary. 

Since the external detwtor is usually 
of the heterodyne type with a local 
oscillator, it is important to prevent 
exce.ssively high local-<»scillator signals 
from appearing at tin* terminals of the 
unknown device. This problem is solved 
by the insertion of a tuned stub, or 
“trap,” in parallel with the detector in- 


Figure 3. The Transfer-Function Meter partially disassembled to show details of design and construction. 
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put and tuned to reject the local-oseil- 
lator fretjuency. Tliis stub is supported 
liorizontally l>ehind the l)ase plate of 
the instrument. 

In nu'asurernenta on active networks, 
d-c voltages or currents must be sup¬ 
plied without affecting the r-f circuits. 
In the Transfer-Function Meter, pro¬ 
visions are included for applying dc to 
both the input and the output of the 
network under test. The binding posts 
for connection to external power sui>- 
pli<‘s are visible in Figure 8, and the 
internal filters and blocking capacitors 
are shown schematically in Figure *1. 
Built-in l)locking capacitors i.solate the 
mea.surem(‘nt staiuhirds, tin* external de¬ 
tector, luid thf* short circuit on the Net¬ 
work Input lim*. Filter networks, each 
comprising two chokes and two by-pass 
capacitors, allow insertion of d-s- volt¬ 
ages and curn»nts and pnn enl r-f leak¬ 
age. (’hoke and capacitor ratings limit 
currents to 100 milliampen*s and volt¬ 
ages to 4(K) volts. Tin* loading effect of 
the input filter on Uu* NftuH)rk Input line 
is negligible, because of its proximity to 
the .short-L’ircuited end of the line. The 

Ntf work 
Outpul Biot 

Ttrmlnol 


only loafling effect of the output filter 
on the detector line is a small rc^duction 
in detector sensitivity. 

The range of adjustment of the Net¬ 
work Input and NctnH)rk Output lines is 
such as to allow continuous coverage 
for all types of measurements above 
3(K) Me, plus .separatefj btuids of cover¬ 
age below 3(K) Me. In order to allow 
continuous coverage below 3(K) Me, a 
set of extension lines is provided. When 
noede<l, the.se linos ami their .suptH>ris 
can be snapp(*d into place by means of 
quarter-turn fiusteners, as .shown in Fig¬ 
ure 5. d'his photograph al.so shows the 
.shieldinl, variable capacitor usetl as the 
susceptance standard at low freqiiencic's 
in phuT of the stub u.setl at high fre^- 
(|uencies. 

Generator and Detector 

(Jeneral Radio Fnit Oscillators are 
re(*ommended for u.sr? lus generators with 
the IVaiLsfer-Function Meter. The rec- 
ommendt'd det(H*tor is the Oeneral Radio 
'fveK DXT, a heterodyne type that 
combin(*s high s<»nsitivity with wide frt*- 
quency range. Both generatoi-s and de- 
tei'tors are liste<I on pages 15 and Ifi. 



Figure 4. Schematic 
diagram of d-c cir- 
cuH« of the Transfer- 
Function Meter. 
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MEASUREMENT PROCEDURE 

The equipiTKMit is set up by coniiect- 
ing geiieralor, detector, ami d-c sup¬ 
plies, if needed, to the Transfer-Func¬ 
tion Meter, and making the nect^ssary 
adjustments for (hjsired operating fre¬ 
quency and d-c levels. The ciUibrated 
susceptance standard is also set to the 
operating fre(juency. 

If is(jlation of the local-oscillator 
signal is desirable, as in mea.surements 
on transistors, the “trap’^ stub is in¬ 
cluded in the setup and is adjustcnl for 
maximum attenuation of the local- 
oscillator voltage*. 

Next, the NetuH)rk Input and Network 
Output lines are set to the propei* haigth, 
in accordan(?e with the type of transfer 
function to be measured. An appropri¬ 
ate component mount is pluggenl into 
the Network I 'mhr Teal connecU^rs, and 
the unknown device or network is 
plugged into the mount. The three lor>p- 
control arms are then adjusted until the 
detector indicates a null, and the de¬ 
sired answer is read directly from the 
scale settings. 

If sev'eral units of the same type are 
to be checked at a given frecpiency, as in 
the case of production testing of tran¬ 
sistors or tubes, each unit successively 
is plugged into the mount (with due pre¬ 


cautions regarding the d-c supplies), the 
control arms are set for a null, and the 
answer is read ofl‘ the scales. 'Fhis opera¬ 
tion can be performed very rapidly by 
relatively unskilled personnel. 

Terminals 

The terminals used on the Transfer- 
Function Meter an? Typk 874 Coaxial 
Connectors. Cjeneral Hadio oscillators 
and detectors are also eijuipped with 
these terminals. When generators and 
dete(*tors having other typ€*s of terminals 
are used, the Typk 874-Q .series of 
adaptors provides a conv'enient means 
of connection. 

For most types of meiisurement, suit¬ 
able mounts must be c«>nstructiHl (.see 
Transi.stor Measurements, below) to 
coiuiect the device being measunMl to 
the mea.suring terminals. Type 874 
Coaxial Connectors t o fit rigid line, panel, 
and cable are available for building into 
the.se mounts. 

Both adaptors and connectors are 
listed on page 16. 

Sources of Error 

The major sources of error are inci¬ 
dental losses and small reflections in the 
Network Input and Network Output lin(*s. 
The minor sources of error are similar to 


Figure 5. View showing Range Extension Unit and low-frequency susceptance stondord. 
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tho8e in the Type Ifl02-B Admittance 
Meter* * and are spurious crons-cou- 
plin^M between the coupling loops and 
their lissticiated lirves, inductances be¬ 
tween the junction center and the 
coupling points, incidental losses in the 
susceptance standard, and small re- 
He<*tions in the conductance standard. 

In most measurements, the instni- 
ment dial readings can be uswl directly 
without any corre<’tion.s and will be ac¬ 
curate within the limits given in the 
speciticat ions at I hi* en<l of this article. 

Some of these errors become appre<*i- 
able under certain wnditioiLs, but cor¬ 
rections can be made for them. 

APPLICATIONS 
Transistor Measurements 

Several different network repri'senta- 
tion.s are used for transistors, the mwt 
common of which are shown in Fig¬ 
ure G. All of the transfer parameters 
indicate<l in these circuits can be di¬ 
rectly measured with the Transfer-Func¬ 
tion Meter at frtvpiencies between 2o 
and about loOG Me. 



A OPEN-CIRCUIT IMPEDANCE PARAMETERS 



B SHORT-CIRCUIT ADMITTANCE PARAMETERS 


Since many transistors operate at ver>' 
low voltage levels, it is important lliat ^ 
all applie<I signals be kept small during 
the measurements. As previously raen- 
tioued, the r-f signal level can be held 
below 5 mv, whicJi has been foimd to lx* 
a .satisfactory limit. 

The high-frequency performance of 
a transistor or any other component can 
b(‘ greatly afTecU*d by the arrangement, 
of the lea<is used to connect the element 
in a circuit. Therefore, for repnaluciblc 
r(*sults, the mount used to connect the 
transistor to the measurement circuit 
must be standardizetl and must p<*rmil 
short leads. In a typical experimental 
transistor mount, the leads are con- 
nc<‘ted to the measuring eJinnents at a 
point alx>ut 42 " away from the case. 

This arrangement pn»l>ably is reasonably 
ck)se to that uschI in most practical 
high-frequency transistor circuits. 

For measurement of the complex cur- 
rent ratios, a (or —hf)y the Nctxoork 
Input line is set to a quarter wave- 
l(*ngth and Uu* NrluH>rk Output lino to a 
half wavcdenglh, astiutliiuHl in a previous 
paragraph. The local-oscillator trap is 
acljusted, with inteichange of the gen- 
enitor and detc*ctor connections, by 
adjustment of the stub line until mini¬ 
mum output is ol)served on the meter of 
the detector. 'Fhe normal conn(*ctions 
are restored ami the transistor mount 
plugge<l into the coaxial conm*clors on 
the panel of the instniment. The meter 
is then balancE'd by mljustment of the 

•Thurston. W II.. **A Direct'Head itiK ]mpeclancf»>\te«»- 
uring InMtrunieiit for t)ie UIIF Ranfce.*' Gmrrat Radio 
Rr.p»fimenttT. May, lUAO. 

^.Sodermttii. H. A.. "Improved Aeruraoy and Conveoienrc 
of .Menauremeotit with Type 1602-B Admittance Meter 
in VIIF and UHF Banda,* Omtral Radio ErperimenUr, 
AujEUftt. 1U&3. 



Figure 6. Equivolant nalwork representations of tran¬ 
sistors. Left-hond set of symbols is from "IRE 
Standards on Electron Devices; Methods of Testing 
Transistors," Proc. IRE, Vol. 44, pp. 1542-1561, 
November, 1956. Right-hand set of symbols corro- 
sponds to those of this article. 


C HYBRID PARAMETERS 
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Figure 7. Plot of olpho 
versus frequency for 
on experimental high- 
frequency transistor 
supplied by Bell Tele¬ 
phone Laboratories. 

three arms, and 
tlie real and im- 
agiinarv eompo- 
nt‘!it 5 of the cur¬ 
rent ratio are in¬ 
dicated directly 
on the dial scales. 

The a-vs.-fre- 
(luency charac¬ 
teristics of an ex¬ 
perimental, Hell 
TeJephone Lab¬ 
oratories, dif- 
fu3e<l-base, ger- 
nmnium transis¬ 
tor in a Rroundetl-base connection are 
shown in Figure 7. 

The hybrid feedback factor, /ir(= ^ 13 ), 
can be easily measuretl by reversal of 



the coaxial-line connections between the 
grounde<J-base mount and the instru¬ 
ment, which is accomplished by 180° 
rotation of the momit, reversal of the 
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FORWARD TRANSFER CURRENT RATiO, 
in-phase component. 

Figure 9. Forward transfer current rotio versus fre¬ 
quency for a Type 874-G10 Attenuator Pod. 



Figure 10. Forward tronsadmittanco versus frequency 
for a Type 874-G10 Attenuator Pad. 


cl-c* roiiiioctioiis, and use of the pro¬ 
cedure outliiK'd for voltagCMatio meas- 
urt*ments. Under these conditions the 
input is applied to the collector and the 
output is obtained from the emitter. 

Tube Measurements 

The hij^h-frequency, comple.x, for¬ 
ward and reverse transadmittances of 
vacuum tubes can also be ciasily meas- 
unnl under dynamic conditions with the 
Transfer-Function Meter. D-C plate and 
bias voltagevS can be applietl to the input 
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and output terminals in the same man¬ 
ner as with transistors. f'iltei*s must be 
provided in the tul>e mount for heater 
and screen voltat»;es. However, thesf* 
filters are not so critical as are the filters 
associat(M^l with the input luid output 
circuits. As with transistors, the mount 
must be carefully desip;ned in order tf> 
give significant and reproducible results. 
The measured transadmittance of a 
nAF4 in the grounded-cathode comiec- 
tion is plotted in Figure S. The elTective 
tran.sadmittance first increases with fre¬ 
quency, apparently as a result of a 
resoiumce between the grid-cathode 
capa<*itance and cathode-l(*ad induct¬ 
ance. At higher frequencies, other reso¬ 
nances ai’e apparent, the larg(*st one of 
wiiich is probably a result of the grid- 
plate capacitance and plate lead induct¬ 
ance resonance. The large values of 
transadmittance shown do not result in 
correspondingly large magnitudes of 
gain when this tube is uschI in an ampli¬ 
fier. since the input impedance decreases 
rapidly as the resonances are ap¬ 
proached. 


Figure 11. Admittance versus frequency for a 
0.1-michrohenry inductor. 
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Coaxial-Component Measurements 

The Transfer-Function Motor can 
nK‘asure the traiLsfor a<lmittanco or iin- 
IHiilanco and attenuation of circuits 
fitted with ciiaxial connectors. Fipuro 9 
shows the results of sliort-circuit, cur- 
rent-rntio inc^asurements made on a 
Tyi'E 874-GlO Attenuator Pad, and 
Figure 10 shows transjidmittance of the 
same pad. Other pos.sihlo applications 
are for filters, <*ouprmg networks, ampli¬ 
fiers. and other four-terminal coaxial 
devices. 

Lumped-Component Measurements 

The direct admittance lH‘tw(*on the 
two ungrounded terminals of a circuit 


or component can l)c easily measured 
with this instrument. As is showm in the 
diagram in Footnote 2, the direct 
admittance measurement of a comiK> 
nent with neither end conncvtcnl to 
ground is not alTec'KMl by the impedance 
from either side of the (‘lement to 
ground. This nu^asurement is ver>" useful 
for determining the characteristics of 
floating resistors, r-f chokes, capacitance 
lK‘tween two ungrounded terminals, and 
many other thn’C-lerminal circuits. Fig¬ 
ure 11 shows the dirwt admittance of 
one of the chokes usrnl in the d-c .supply 
filter in the Tran.sfer-Function Meter. 

W. U. Tnun.sT()N 

K. A. SoDKRMAN 


SPECIFICATIONS 


Frv^wvncy Rang*; 25 to 1000 Mc, with rcdllCtHl 
accumry up to l.iOO .Me. 


M«osur*m«nt Ronget and Accuracy: 

Rorigt' Accuracy 

A VolUige anti C'lirrcnt _ 

Ratios (/O 0-30 2.5 (1 + V/e)%-t0.025 


Trnnsiin|M*<iance (Z 21 ) 
0-I500U 2.5 (1-f 



-l-1.25n 


Tra risadmi ttanco 

(Fad 

0-t»00 ramhos 2.5(14- 


Fai 

20 


^)% 4-0.5 mm ho 


0-C Blot: Terminals are provided f»jr intnKlucing 
•l-c bias from external sources. Maximum bias 


current, 100 ma; maximum bias voltage, *100 
volts. 

Ganerator and Daiacfor: Unit Oscillators and Typk 
D-\T I>et€ictors (see list below) are recom- 
mende<l. 

Othor Accassoriet Avoilobl*: 

Typk Ili07-Pl01 Transistor Mount for 
JICTKC 30 base arrangement, grounded baM*. 
Typk 1607-1*201 Tube Mount. ^Pin Miniaturr 
grouncled-catluKlc, n>r 6.\F4, 6A1'4.\, and 
other tubes with name (*onnectionH. 

Co»*: The instrument, with accessoriew, is 
moiinUMl ifi a wooilen carrying and storage case 
llK X 14 I 2 X 40 inches. 

N«t Woight: 63 pouiuls. 


Im. 


Cntlr Word Price 


1607-A Tronsfor-FuncHon Malar 

1607-P101 Transistor Mount. 

1607.P201 Tuba Mount. 


IlYURA $1525.00 

Rrica on Raquost 
Pric* on Raquast 


GENERATORS^ 


Tvp* 

Frequency Rmiye 

Cofte Word 

Price 

1211-B 

0.5— 50 Mc. 

ATL.KS 

$275.00 

1215-B 

50— 250 Mc. 

ADOPT 

190.00 

1209-BL 

180 — 600Mc. 

ADMIT 

245.00 

1209-B 

250— 920 Mc. 

A.\tIK& 

245.00 

1218>A 

900 — 2000 Mc. 

CARUY 

465.00 

•Require |>ower supply below. 




POWER SUPPLY* 


Type 


Code Word 

Price 

1203-B 1 

Unragulolad 

ALIVE 

$40.00 

1201-A 1 

Ragulotad. 

1 AR.SET 

85.00 


•I’lug'in type; supplies pow'cr to any one of the above oscillators. 
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DETECTORS 


Type 

Frequency Range* 

Code IFord 

Price 

DNT-l 

40— 530 Me... 

NALTO 

$626.00 

DNT.2 

40— 280 Me... 

NEK VO 

606.00 

DNT.3 

220— 950 Me... 

HULLO 

659.00 

DNT-4 

870 — 2030 Me... 

NODOO 

879.00 



•Fundiimpiitiil range. To cover a wider range than that listed for any one detector, harmonics 
of the local oscillator can be used. Thus Type DNT-2 will cover frequencies up to 1120 Me if 
harmonics up to the 4th are uschI. Fundamental sensitivity is about 5 pv; 4th harmonic sensi¬ 
tivity, about 20mv. For this wide range, cmler also one Type S74-F1000 bow Pass Filter, price$14.IX). 

.\nother solution is to use the Type I)XT-2 with an additional Type 12 (K)-B Unit Oscillator 
(see Oerierators, above) anti the Type S74-F1000 Filter. This covers the range with fundamental 
operation, which is, in general, more satisfactory. Harmonic operation is not recommcndetl for 
niejLsurement of active networks. Below 40 .Me, tise a communications receiver. 



Type 

Fits 

Code Word 

Price 


874-QBJ 

BNC Plug. 

COAXIIOlUiKK 

$4.75 

COAXIAL ADAPTORS 

874.QBP 

BNC Jack. 

CO.VXBl^NNER 

4.75 


874-QCJ 

|C Plug. 

COAXCOtJOER 

4.75 


874.QCP 

'C Jack. 

COAXtrFFER 

6.25 

A?: 

874-QNJ 

N Plug. 

rO.\XNA<}(5ER 

3.75 


874-ONP 

N Jack. 

COA.XNrTTER 

4.50 


874-OUJ 

UHF Plug. 

rt)AXYrM>KR 

4.00 

874-QUP 

UHF Jack. 

COA.XY UPPER 

4.25 


874-QHJ 

HN Plug. 

COAXIIAW8KR 

6.50 

Types OBJ and OBP 

874-QHP 

HN Jack. 

COAXIIANGER 

6.50 


874-QLJ 

LC Plug. 

COAX LITTER 

19.50 


874-OLP 

LC Jack . 

ro\XLUOOKH 

30.00 


Adaptors are nlst> available for connection to rigid air-<lielectric lines. 


COAXIAL CONNECTORS 



PANEL CONNECTOR 

The panel connoctor mounts with a 
flange and is available with rear fittings 
for commonly used HG-type cables. See 
the General Radio catalog for dotTiils. 
Connector listed below fits GR Type 
S74-.\2 Cable, only. 


BASIC CONNECTOR 

The basic connector fits rigid, 50-ohm, 
air-dielectric coaxial line; (31) and 
ID for outer conductor; 0.244" rod 
for inner comiuctor. 

Type _ Cntle Word Price 

874-B Bosic Connactor I COAXniUlKiE I $1.25 


874-PB .Panel Connector co.AXAPPLER 1 2.90 
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